
Project Introduction

A key goal of NASA's Exoplanet Exploration Program (ExEP) is to discover
Earth-like exoplanets and to determine their spectra for spectral signatures of
life. Toward that goal there is on-going development of several competing
architectures for how to suppress the starlight and achieve the high contrast
necessary to directly image an Earth-like planet in the habitable zone around a
nearby star, including coronagraphs, external occulters, and nulling
interferometers operating at optical wavelengths.

Regardless of the starlight suppression technology chosen, any future planet
imaging mission must have a highly capable science instrument able to
perform both imaging and spectroscopy in order to detect and characterize the
target planets.  The ideal instrument for making these measurements is an
integral field spectrograph (IFS), an instrument that obtains a spectrum at
every spatial element in the field of view.  The current state of the art for
these instruments does not yet achieve the challenging performance
requirements needed for imaging of Earth-like exoplanets due to a variety of
challenging systematics. In particular, current lenslet designs introduce too
high a level of crosstalk between adjacent spectra to operate at very high
contrasts.

In space, an IFS science camera will be used to investigate the properties of
exoplanets while monitoring and diagnosing wavefront errors introduced by
the telescope optical assembly.

This research will develop a critical technology needed to build a prototype IFS
to advance coronagraphy and extreme wavefront sensing and control
algorithms in NASA's High Contrast Imaging Testbed (HCIT).  Once built, this
laboratory IFS will be used as a facility class instrument within the HCIT.

 

 

 

The work builds upon awards from the FY12 IRAD program and the Nancy
Grace Roman Technology Fellowship program.

As part of those programs, NASA Goddard Space Flight Center designed the
Prototype Imaging Spectrograph for Coronagraphic Exoplanet Studies
(PISCES) integral field spectrograph to be integrated into the JPL HCIT. 
However, during this the design phase, it became apparent that even though
lenslet-based integral field spectrographs exist on the ground, high contrast
lenslet arrays are still at a low TRL.   This work will design, model, fabricate,
and performance assess a specialized lenslet array in order to meet the
requirements of a high contrast imaging mission.
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Anticipated Benefits

The NASA ExEP is tasked with developing the science cases and technology
innovations needed for future space telescopes that will directly image Earth-
like extrasolar planets in the 2020s.  Internal coronagraphs with precision
wavefront control are critical to realizing this goal.  ExEP performs technology
demonstrations of internal coronagraphs in the HCIT, a vacuum test facility
located at NASA Jet Proplusion Lab (JPL).  ExEP HCIT's mission is to support
visitor experiments that have been funded by the NASA ROSES Strategic
Astrophysics Technology (SAT) program under the Technology Development
for Exoplanet Missions (TDEM) line.  Research groups from Univ. of Arizona,
Princeton Univ., NASA Ames Research Center, and JPL have used the facility
for targeted programs.  Various internal coronagraph concepts have made
performance demonstrations in imaging mode using monochromatic light or
narrow bandpass filters.  However, the latest ground-based high contrast
instruments all employ IFSs like PISCES that are highly advantageous for
separating the instrument speckle pattern from a planetary signal.

The proposal will develop the lenslet array needed to provide this instrument
backend camera to the ExEP HCIT.  This instrument concept is universally
recognized as the desired flight instrument configuration for the Terrestrial
Planet Finder (TPF) mission.  PISCES will support characterization of
achievable wavefront control for all coronagraph types.  It will be initially used
to characterize the performance of the band-limited Lyot and Vector Vortex
coronagraphs that have already achieved good contrast performance in 20%
bandpasses.  After instrument commissioning, PISCES will be made a part of
the HCIT facility infrastructure that will be built into an end-to-end simulator
of a TPF-like mission.

This technology development may have applications to the Department of
Energy, the Department of Agriculture, and the Department of Defense.  Each
of these government agencies would have uses for compact integral field
spectrographs.
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Primary U.S. Work Locations and Key Partners

Organizations
Performing Work

Role Type Location

Goddard Space Flight
Center(GSFC)

Lead
Organization

NASA
Center

Greenbelt,
Maryland

Primary U.S. Work Locations

Maryland

Project Transitions

October 2012: Project Start

Technology Areas
Primary:

TX08 Sensors and
Instruments

TX08.1 Remote Sensing
Instruments/Sensors

TX08.1.1 Detectors and
Focal Planes
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September 2016: Closed out

Closeout Summary: The purpose of the Goddard Space Flight Center’s Internal Research and Development (IRAD) progra
m is to support new technology development and to address scientific challenges.  Each year, Principal Investigators (PIs) s
ubmit IRAD proposals and compete for funding for their development projects.  Goddard’s IRAD program supports eight Lin
es of Business: Astrophysics; Communications and Navigation; Cross-Cutting Technology and Capabilities; Earth Science; H
eliophysics; Planetary Science; Science Small Satellites Technology; and Suborbital Platforms and Range Services. Task pro
gress is evaluated twice a year at the Mid-term IRAD review and the end of the year. When the funding period has ended, t
he PIs compete again for IRAD funding or seek new sources of development and research funding or agree to external part
nerships and collaborations.  In some cases, when the development work has reached the appropriate Technology Readines
s Level (TRL) level, the product is integrated into an actual NASA mission or used to support other government agencies. T
he technology may also be licensed out to the industry. The completion of a project does not necessarily indicate that the d
evelopment work has stopped.  The work could potentially continue in the future as a follow-on IRAD; or used in collaborati
on or partnership with Academia, Industry and other Government Agencies. If you are interested in partnering with NASA, s
ee the TechPort Partnerships documentation available on the TechPort Help tab. http://techport.nasa.gov/help
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